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CLAIMS 

1. A semiconductor device having a MIS-type field 
effect transistor comprising: 

a concave formed in at least a Semiconductor 
5 substrate; 

a channel region formed on aybottom surface of. 
said concave; 

source/drain extension red5_ons connected to both 
ends of said channel region aijjra formed on the bottom 
10 surface of said concave; andj 

source/drain regions being close to or adjacent to 
side surfaces of said concave, formed along a surface 
of said semiconductor substrate in a direction of depth, 
and connected to said soprce/drain extension regions, 
15 characterized in t^hat side surfaces of said 

concave on a source/di^in side constitute a rounded 
surface . 

2. A setfeckDnd/cfcor device according to claim 1, 
wherein said c8^ca$5 is constituted by a trench formed 

20 from the surface^f said semiconductor substrate in the 

direction of deqfch, 

3. A semiconductor device according to claim 1, 
wherein a position where an impurity concentration of 
said source/drain regions in the direction of depth is 

25 maximum almost coincides with a position where an 

impurity cdncentration of said source/drain extension 
regions im the direction of depth is maximum at a 



connecting portion between said source/dbrain regions 
and said source/drain extension regioEre . 

4. A semiconductor device according to claim 1, 
wherein a taper angle set to upwamly increase the 
opening portion is given to said/concave. 

5. A semiconductor devic^ according to claim 1, 
wherein ion implantation for ithreshold voltage control 
of said MIS-type field effecmL transistor is performed 
to only the bottom surface/of said concave. 

6. A semiconductor device according to claim 1, 
further comprising a gate formed on the bottom surface 
of said concave through/a gate insulating film, and 
gate sidewall spacers ^consisting of an insulator forme 
on side surfaces of £?aid gate, characterized in that 
said gate sidewall Jpacers are formed to partially 
cover the side s up -paJ^m^nf said concave extending on a 
least the source/|Srain sipe of said gate. 

7. A semic GW^cJt&r device according to claim 2, 
wherein a position^iere an impurity concentration of 
said source/drain regions in the direction of depth is 
maximum almosl coincides with a position where an 
impurity concentration of said source/drain extension 
regions in Ehe direction of depth is maximum at a 
connecting/portion between said source/drain regions 
and said Source/drain extension regions. 

8. /a semiconductor device according to claim 6, 
wherein/said gate sidewall spacers are formed to 



entirely cover the side surfaces of sa/d concave 
extending on at least the source/dra^n side of said 
gate . / 

9. A semiconductor device comprising: 

a concave constituted by a prench formed in 
a semiconductor substrate; / 

a channel region formed op a bottom surface of 
said concave; / 

source/drain extension /regions connected to both 
ends of said channel regionf and formed on the bottom 
surface of said concave; ajnd 

source/drain region^ formed on a surface of said 
semiconductor substrate ibeing close to or adjacent to 
side surfaces of said cpncave and connected to said 
source/drain extension/ regions , 

characterized /nl that said concave comprises a 
MIS-type field effeq^ transistor having side surfaces . 
on a source/drain sjoe constituting' a rounded surface. 

10. A semiconductor device according to claim 9 , 
wherein a positiqr/j*here an impurity concentration of 
said source/drain/ regions in the direction of depth is 
maximum almost coincides with a position where an 
impurity concentration of said source/drain extension 
regions in the/direction of depth is maximum at a 
connecting portion between said source/drain regions 
and said source/drain extension regions. 

11. A semiconductor device according to claim 9, 



wherein a taper angle set to upwardly increase the 
opening portion is given to said conc/ve, 

12. A semiconductor device according to claim 9, 
wherein ion implantation for threshold voltage control 
of said MIS-type field effect transistor is performed 
to only the bottom surface said concave. 

13. A semiconductor device according to claim 9, 
further comprising a gattfe formed on the bottom surface 
of said concave thro^(|^eMate insulating film, and 
gate sidewall space^Xconeisting of an insulator formed 
on side surfaces o£ sa^d gate, characterized in that 
said gate sidewa&l spacers are formed to partially 
cover the side/ surfaces of said concave extending on at 
least the somrce/drain side of said gate. 

14. A semiconductor device according to claim 9, 
whereiiysaid gate sidewall spacers are formed to 
entii^ly cover the side surfaces of said concave 
extending on at least the source/drain side of said 
garce . 

15. A method of manufacturing a semiconductor 
device comprising the steps of: 

forming an etching mask constituted by a first 
insulating film having an opening portion including a 
gate forming portion and source/drain extension regions 
forming portion on a semiconductor substrate; 

forming a trench in said semiconductor substrate 
in correspondence with the opening portion of said 



etching mask; 

forming a gate insulating film constituted by 
a second insulating film on an inner surface of said 
trench; 

forming a gate material film on said second 
insulating film; 

patterning said gate material film to form a gate 
on a central portion between both sides of said trench 
on a source/drain side through said second insulating 
film; 

implanting impurity ions into at least a bottom 
surface of said trench by using said gate as a mask to 
form source/drain extension regions; 

forming a third insulating film to cover a surface 
of said semiconductor substrate subjected to the steps; 

forming gate sidewall spacers constituted by said 
third insulating film by using anisotropic etching to 
cover the inner surface of the trench extending on the 
source/drain side of said gate; and 

implanting impurity ions into the source/drain 
regions by using said gate having the gate sidewall 
spacers as a mask to form a MIS-type field effect 
transistor having source/drain regions being close to 
or adjacent to side surfaces of the trench of said 
semiconductor substrate and connected to the source/ 
drain extension regions on the bottom surface of said 
trench . 



16. A method of manufacturing a semiconductor 
device according to claim 15, wherein said trench is 
formed by isotropic etching such that the side surfaces 
of said trench on the source/drain side constitute a 
rounded surface. 

17 . A method of manufacturing a semiconductor 
device according to claim 15, wherein ion implantation 
for threshold voltage control of said MIS-type field 
effect transistor is performed to only the bottom 
surface of said trench. 

18. A method of manufacturing a semiconductor 
device according to claim 15, wherein said first, 
second, and third insulating films are an SiC>2 film 
formed by an LPCVD method using TEOS, an SiC>2 film 
formed by thermal oxidation of silicon, and an SiN film 
formed by a CVD method, respectively. 

19. A method of manufacturing a semiconductor 
device according to claim 15, wherein said first 
insulating film is formed to be stacked on a thermal 
oxidation film formed as a buffer layer on said 
semiconductor substrate. 

20. A method of manufacturing a semiconductor 
device according to claim 15, further comprising the 
steps of, after a silicide film of high melting point 
metal is formed on a silicon surface exposed to the 
source/drain regions and upper surfaces of said gate 
consisting of polysilicon by forming a high melting 



point metal film to cover the surface of said 
semiconductor substrate and performing heat treatment, 
removing said high melting point metal film remaining 
on the gate sidewall spacers. 

21. A method of manufacturing/a semiconductor 
device comprising the steps of; 

forming an etching mask constituted by a first 
insulating film having an open/ng portion including a 
gate forming portion and sourite/drain extension regions 
forming, portion on a semicoijpuctor substrate; 

forming a trench in said semiconductor substrate 
in correspondence with thef opening portion of said 
etching mask; 

forming a gate insulating film constituted by 
a second insulating fiJ^m on an inner surface of said 
trench; 

forming a gate ijj&t€ri|l film to cover the surface 
of said semiconductor Su^Strate subjected to the above 
steps ; 

further forming a third insulating film on said 
gate material fi: 

etching-bacfk the upper surfaces of said third 
insulating film/ and said gate material film to form 
a gate forming/etching mask constituted by said third 
insulating film buried in said gate material film on a 
central port/on between both sides of the mask opening 
portion on /he source/drain side; and 
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anisotropically etching said gate material film by 
using said third insulating film buried/in said gate 
material film as a mask to process saifd gate, thereby 
forming a MIS-type field effect tran/istor having a 
self-aligned gate formed on a central portion between 
both sides of said trench on the yource/drain side. 

22. A method of manufacturing a semiconductor 
device according to claim 21, v/erein when a gate 
length of said MIS-type field ief feet transistor is 
represented by L, a length off the opening portion, in a 
direction of the gate lengthf, of the opening portion of 
the etching mask constitute by said first insulating 
film is represented by L^7 and the thickness of said 
gate material film is represented by d, a relationship 
L ^ L w - 2d is satisfied. 

23. A method ra^ufacturing a semiconductor 
device according tp <r±&im 2u , wherein said trench is 
formed by isotropic reaching such that the side surfaces 
of said trench on tlroa amirce /drain side constitute 

a rounded surf ace. j 

24. A method ®f manufacturing a semiconductor 
device according £o claim 21, wherein ion implantation 
for threshold voltage control of said MIS-type field 
effect transis/or is performed to only the bottom 
surface of sa£d trench. 

25. A method of manufacturing a semiconductor 
device accc/rding to claim 21, wherein said first, 



second, and third insulating films are an 3iC>2 film 
formed by an LPCVD method using TEOS , anVsiC^ film 
formed by thermal oxidation of silicon^and an SiN film 
formed by a CVD method, respectively / 

26. A method of manufacturing ia semiconductor 
device according to claim 21, wherein said first 
insulating film is formed to be/stacked on a thermal 
oxidation film formed as a buffer layer on said 
semiconductor substrate. / 

27. A method of manufacturing a semiconductor 
device according to claim 721, further comprising the 
steps of: I 

implanting impuriw ions into at least the bottom 
surface of said trenchf by using said gate as a mask to 
form source/drain edfftension regions; 

forming a f oAryj/^iRe^ilating film to cover the 
surface of said seflpconduartor substrate subjected to 
the steps ; 

forming gate a^aewall spacers constituted by said 
fourth insulatii/g film by using anisotropic etching to 
cover the inney surface of said trench extending on the 
source/drain aride of said gate; and 

implant/ng impurity ions into the source/drain 
regions by ping said gate having the gate sidewall 
spacers as /a mask to form source/drain regions being 
close to ope adjacent to side surfaces of said trench 
of said semiconductor substrate and connected to the 



source/drain extension regions on the bottom surface of 
said trench, 

28. A method of manufacturing a semiconductor 
device comprising : 

forming an etching mask constituted by a first 
insulating film having an opening/portion including a 
gate forming portion and sourcemrain extension regions 
forming portion on a semiconductor substrate; 

forming a trench in saicf semiconductor substrate 
in correspondence with the Opening portion of said 
etching mask; 

forming a gate insulting film constituted by 
a second insulating filvcff on an inner surface of said 
trench; 

forming a thij^l ^hsulating film to cover the 
surface of said semiconductor substrate subjected to 
the above steps; 

forming sidev^ll s^Scers constituted by said third 
insulating film bj£I*£ing anisotropic etching on side 
surfaces of the jpask opening on a source/drain sides 
respectively; 

forming a/gate material film to cover the surface 
of said semiconductor substrate subjected to the above 
steps ; 

etching-back the upper surfaces of said third 
insulating/ film and said gate material film to form 
a gate constituted by said gate material film buried 



between the sidewall spacers on a cen/ral portion 
between both sides of the mask opening portion on the 
source/drain side; and / 

selectively removing said /irst and third 
insulating films to form a MlS^type field effect 
transistor having a self-aliened gate formed on 
a central portion between bpth sides of said trench 
on the source/drain side. / 

29. A method of manufacturing a semiconductor 
device according to cla/m 28, wherein said trench is 
formed by isotropic etching such that the side surfaces 
of said trench on thef source/drain side constitute 

a rounded surface. J 

30. A methodc/f manuf acturing a semiconductor 
device according tra claim 28, wherein ion implantation 
for threshold vrajfitag el control of said MIS-type field 
effect transistor isf performed to only the bottom 
surface of said/^ench. 

31. A melf^od of manufacturing a semiconductor 
device according to claim 28, wherein said first, 
second, and phird insulating films are an Si02 film 
formed by aft LPCVD method using TEOS, an SiC>2 film 
formed by thermal oxidation of silicon, and an SiN film 
formed by/a CVD method, respectively. 

32. /a method of manufacturing a semiconductor 
device according to claim 28, wherein said first 
insula/ing film is formed to be stacked on a thermal 



oxidation film formed as a buffer layeiVon said 
semiconductor substrate. / 

33. A method of manufacturing a^emiconductor 
device according to claim 28, further comprising the 
steps of : / 

implanting impurity ions iJito at least the bottom 
surface of said trench by usin/g said gate as a mask to 
form source/drain extension /egions; 

forming a fourth insulting film to cover the 
surface of said semiconductor substrate subjected to 
the steps; / 

forming gate sidewaAl spacers constituted by said 
fourth insulating film By using anisotropic etching to 
cover the inner surf ac e of said trench extending on the 
source/drain side pf soi^dgate; and 

implanting impumty i©ns into the source/drain 
regions by using sstadk gat^e having the gate sidewall 
spacers as a mask ta j|fi^rm source/drain regions being 
close to or adja^oeiyt to side surfaces of said trench 
of said semiconductor substrate and connected to the 
source/drain extension regions on the bottom surface of 
said trench. / 

34 . A metlrod of manufacturing a. semiconductor 
device according to claim 33, further comprising the 
step of, after a silicide film of high melting point 
metal is formed on a silicon surface exposed to the 
source/drainr regions and upper surfaces of said gate 
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consisting of polysil^con by forming a high melting 
point metal film to^jcover the surface of said 
semiconductor subijf^aize and performing heat treatment, 
removing said hiq%lnfelting point metal film remaining 
on the gate sid^s^all spacers . 
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